Background: The EQ-5D is a brief, generic measure of health status that can be easily incorporated into population health surveys. There are two versions of the EQ-5D for use in adult populations, one with 3 response levels in each of the instrument's 5 dimensions (EQ-5D-3L) and one with 5 levels in each dimension (EQ-5D-5L). We compared the two versions as measures of self-reported health status in representative samples of the English general population. Methods: EQ-5D-5L data were available from 996 respondents selected at random from residential postcodes who took part in the EQ-5D-5L value set for England study. EQ-5D-3L data were available from 7294 participants included in the 2012 Health Survey for England. Responses on the 3L and 5L versions of EQ-5D were compared by examining score distributions on the two versions, both in terms of the profile (dimensions) and the EQ-VAS. To determine the extent of variations in score according to respondent characteristics, we analysed health status reporting on the descriptive profile, EQ-5D Index, and EQ-VAS of both versions of EQ-5D by age, sex, and educational background. We used X 2 to test for differences between respondent categories when analyzing EQ-5D profile data and the t test when analyzing EQ-5D Index and VAS scores. Results: The 5L version of EQ-5D led to a considerably reduced ceiling effect and a larger proportion of respondents reporting severe health problems compared to the 3L. The 5L version also led to the use of a wider spread of health states; just 3 health states on the 3L covered 75 % of the sample, compared to 12 states on the 5L. Both versions showed poorer health status in older respondents, females, and those in a lower educational category and the EQ-5D-5L descriptive system, though not the Index or VAS, discriminated better between age groups than the 3L. There were no appreciable differences between the two versions in their ability to discriminate between groups defined by gender or educational level. Conclusions: The new, expanded 5L version of EQ-5D may be a more useful instrument for the measurement of health status in population health surveys than the original 3L version.
Background
Measuring self-reported health status is an important part of many population health surveys. As noted on the NHS Health Scotland website "describing and understanding the health of [a] population and the factors that shape it is essential to improving health and reducing inequalities. It enables good design of actions, targeting of resources and assessment of the impact of programmes and policies" [1] . Assessing health status in large-scale population surveys can help identify groups within the population which require particular attention and, if performed on a regular basis, can show how population health evolves over time. Comparing health status across countries can also be of interest [2] .
The EQ-5D is a widely used measure of health status which has been included in several population health surveys [3, 4] . It comprises a descriptive system which assesses health in 5 dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety/depression) and a Visual Analog Scale (VAS) on which the respondent rates their overall health on the day of completion. In the original version of the instrument, each dimension in the descriptive system is assessed using 3 levels of severity [5] . In order to reduce high ceiling effects (i.e. the proportion of respondents reporting the best possible health on EQ-5D who are therefore unable to record any improvement in health status) reported in some populations [6] [7] [8] [9] [10] [11] [12] , and to increase the instrument's sensitivity to changes in health, a new version of the instrument was developed using the same 5 dimensions, but with 5 levels of severity in each [13] . Studies in Germany [14] and South Korea [15] indicated that the ceiling effect was reduced in the 5L version but, as far as we are aware, only Craig et al. (2014) directly compared the performance of the 3L and 5L versions of EQ-5D in a general population sample [16] . They found fewer ceiling effects with the 5L and therefore a greater frequency of health problems. On the other hand, they suggested that the health problems were less severe with the 5L compared to the 3L, particularly in the pain/ discomfort and anxiety/depression dimensions [16] .
The aim of the present study was to compare the performance of the 3L and 5L versions of EQ-5D in representative samples of the English general public.
Methods

Data and sampling approach
We used two datasets in this study. Self-reported health data on the EQ-5D-5L was obtained from participants in the value set study for England [17] while general population data for the 3L was obtained from the 2012 Health Survey for England (HSE) [18] . In both cases, EQ-5D data were collected in face-to-face, computer assisted interviews.
As well as respondents' self-reported health status on the EQ-5D dimensions (EQ profiles), both datasets also included respondents' self-reported EQ-VAS scores, demographic characteristics (sex, age and health limits), and socio-economic characteristics (employment status, retirement status, education background, and religion).
EQ-5D-5L data were available from 996 participants selected at random from residential postcodes. The sample was intended to be representative of adults aged 18 years and over living in private residential accommodation in England. Individuals living in communal establishments were excluded. Respondents were interviewed between November 2012 and March 2013. A sample of 2020 addresses from 66 primary sampling units (based on postcode sectors) across England was randomly selected, using the Post Office small user Postcode Address File (PAF) as the sampling frame. A total of 1004 individuals were interviewed. Their self-reported EQ-5D-5L data were collected prior to the valuation task in which they were asked to value EQ-5D health states, and were recorded using an electronic data capture system (EQ-VT). The household response rate was approximately 50 % [17] .
EQ-5D-3L data were available from the 2012 HSE. The survey covered the adult population aged 16 years and over living in private households in England and provided a representative sample of the population at both national and regional level. 9024 addresses were randomly selected in 564 postcode sectors. Respondents were interviewed between January 2012 and December 2012. Where an address was found to have multiple dwelling units, a random selection was made and a single dwelling unit was included. Where there were multiple households at a dwelling unit, one was again selected at random. A total of 8291 adults and 2043 children were interviewed. A household response rate of 64 % was achieved [19] and the final dataset included self-reported health on EQ-5D-3L from 7294 respondents.
EQ-5D-5L and EQ-5D-3L
The EQ-5D is a generic preference-based instrument that is widely used to measure and value changes in healthrelated quality of life [20] . For example, the 3L version of the instrument is being used throughout the English NHS as part of the Patients Reported Outcome Measures (PROMs) programme [21] .
The EQ-5D instrument compromises two parts. In the first part, respondents describe their health status on the day of administration by checking one level of severity on each of the instrument's five dimensions. The 3L version has three response levels in each dimension (none, some and extreme/unable to) while the 5L version has five levels (none, slight, moderate, severe, extreme/unable to). When developing the 5L version, some generally minor changes were made to wording. A more important change was the move from 'I am confined to bed' as the extreme level of mobility in the 3L to 'I am unable to walk about' in the 5L. This was done to make the mobility dimension more consistent with wording in other dimensions. The descriptive systems of the EQ-5D-5L and EQ-5D-3L are shown in Appendix 1.
In the second part of the instrument, respondents indicate how good or bad their health is on the day of administration on a health thermometer (EQ-VAS) which is presented as a 0-100, hash-marked, numbered vertical line with anchors of best and worst imaginable health state (100 and 0, respectively). The EQ-VAS is used to assess the overall health of respondents rather than selected dimensions of individuals' health and there are slight differences in format and instructions between the 5L and 3L versions (see Appendix 2) . One of the most important differences between the EQ-VAS in the two versions is that in the 3L respondents draw a line from a box labelled 'Your own health today' to a point on the scale which reflects their health on the day of the interview. In the 5L version, they are asked to mark an 'x' on the scale to indicate that point and then record their answer in the box provided.
One of the uses of the EQ-5D is to provide societal values (utilities) for health states generated by the instrument which can then be used in economic evaluations of health care interventions. These values are known as the EQ Index [22] . The 3L version of the instrument generates 243 possible health states (3 5 ) compared to 3125 possible health states (5 5 ) generated by the 5L. In order to calculate the EQ Index for the 3L version, we used the algorithm provided by [23] , though it should be noted that the values used to construct that algorithm were for the UK, and not for England alone. Currently, no values are available for the UK for the 5L version of EQ-5D, so the Index score for that version was calculated using a crosswalk system from 3L values, as described in [24] .
Statistical analysis
The two datasets were compared to determine whether the two samples had similar demographic and socioeconomic characteristics (Table 1) . X 2 tests showed that there were statistically significant differences between the two samples (P < 0.05) with the 5L sample having a slightly higher proportion of females, more respondents in the 35-54 age group and fewer in the youngest age group, and a slightly lower level of education.
Responses on the 3L and 5L versions of EQ-5D were compared by examining score distributions on the two versions, both in terms of the profile (dimensions) and the EQ-VAS. This analysis included examination of ceiling and floor effects, i.e., respondents reporting the best and worst health states on the two versions, i.e. state 11111 (best) and state 33333 (worst 3L state) or 55555 (worst 5L state). For the EQ profile, we estimated the proportion of patients reporting problems on each level in each dimension and listed all health states reported in order of frequency. We estimated the top 10 most frequently self-reported health states on both versions. EQ-VAS data was analysed using a similar approach, by calculating the 10 most frequently self-reported scores on the 3L and 5L versions of EQ-VAS, the frequency of those scores, and the proportion of total sample size they represented.
To determine the extent of variations in score according to respondent characteristics, we analysed health status reporting on the descriptive profile, EQ-5D Index, and EQ-VAS of both versions of EQ-5D by age (i.e. under 35, 35-54, 55-64, ≥65 years), sex, and educational background (i.e. respondents with a degree vs those without). We expected that older respondents, females, and those in lower educational categories would report poorer health status [2, 9, 12] , but also aimed to determine whether there were any differences between the 3L and 5L in terms of their ability to discriminate between sociodemographic groups known to differ in health status, i.e. between younger and older respondents, between men and women, and between those with higher and lower levels of education. We used the X 2 test to check for differences between respondent categories when analyzing EQ-5D profile data. Specifically, we tested for differences between the two versions of the EQ-5D in the proportion of respondents self-reporting health state 11111, the proportion of respondents self-reporting level 1 in each dimension, and the proportions of respondents reporting poor health (level 3 for the 3L instrument and levels 4 and 5 for the 5L instrument), by age, sex and educational background. We used the t test in a similar analysis of EQ-5D Index and VAS scores. Although neither the Index nor the VAS showed a normal distribution, we decided to use a parametric test of differences because of the large sample size, the fact that non-parametric tests require similar variance in all samples (which was not the case here) and because parametric tests have more statistical power than non-parametric tests, and are therefore more likely to detect significant differences between samples. Statistical significance was set at P < 0.05 for all tests. All analyses were performed in STATA/MP 12.1.
Results
Score distributions on the descriptive systems of the two versions are shown in Table 2 for the overall samples.
The 3L version of EQ-5D showed higher ceiling effects in all dimensions with, for example, 84 % of respondents reporting no problems with Usual Activities on the 3L compared to 76.3 % on the 5L. At the other end of the scale, we found that the 5L identified more respondents with serious health problems than the 3L (if we assume levels 4 and 5 on the 5L represent serious health problems). For example, 6.1 % of respondents reported serious problems with Usual Activities on the 5L compared to only 1.5 % on the 3L. A similar pattern was seen across the other dimensions. On both versions of EQ-5D, the proportion of respondents reporting problems decreased almost monotonically with increasing severity of the response options.
The ten most frequently observed self-reported health states on the 5L and 3L descriptive systems are shown in Table 3 , together with the prevalence of the worst health state for each version. Respondents used a larger number of health states in the 5L than the 3L. In the 3L version, the cumulative frequency of the top 10 most frequently observed health states was just under 90 %. The remaining 10 % of observations were distributed over 88 health states. The most frequently observed selfreported health states showed a similar pattern across the two versions of the instrument with the best possible health state, 11111, accounting for 47.6 % of observations on the 5L and 56.2 % on the 3L, followed by health states representing mild/moderate levels of pain/discomfort and anxiety/depression, i.e. health states 11121 and 11112 (it should be noted that, apart from full health 11111, the same health state descriptors, e.g. 11112, do not represent the same level of problems on the 3L as on the 5L, as a 2, for example, represents 'slight' problems on the 5L but 'some' problems on the 3L). The prevalence of the worst possible health state is the lowest (0.05 %) among all checked health states (98 out of 243) in the 3L data, while none of the respondents reported the worst possible health state (55555) on the 5L. Respondents reported a greater range of health states on the 5L than on the 3L; the three most frequently observed health states accounted for almost 75 % of respondents on the 3L whilst a similar proportion of respondents on the 5L were accounted for by 12 health states. Of course, the number of available health states is much larger on the 5L than on the 3L (3125 vs 243). Table 4 shows the prevalence of problems reported on the EQ-5D profile by age group. On both versions of EQ-5D, older respondents reported poorer health status. The proportion of respondents self-reporting their EQ-5D profile as 11111 was lower in all age groups using the 5L (P < 0.05) as was the proportion of respondents reporting no problems in each individual dimension (P < 0.05). This reduction in the ceiling effect with the 5L was particularly noticeable in the older age groups.
As in the overall sample, more respondents reported serious health problems on the 5L than on the 3L, and the difference was particularly noticeable in the older age groups. For example, in the oldest age group, only 3.1 % of respondents reported being in very poor health (level 3) in the usual activities dimension on the 3L, compared to 12.4 % reporting level 4 or 5 problems on the 5L. A similar pattern was seen on most of the other dimensions. The differences in the proportions of respondents reporting very poor health between the two versions were statistically significant in all age groups for the mobility and usual activity dimensions (P < 0.05). For self-care, the differences between the two versions were statistically significant in all age groups (P < 0.05) except the youngest (P = 0.06). For the pain/discomfort dimension, the differences between the two versions were statistically significant in all age groups (P < 0.05) except the 55-64 years age group (P = 0.17). There were no statistically significant differences between the two versions in any age group for the anxiety/depression dimension.
Differences by sex and level of education were also in the expected direction (Table 5) , with males and those in the higher educational category reporting better health than females and those without a degree. However, there was very little difference between the two versions of EQ-5D in terms of ability to discriminate between groups based on these two variables. The distribution of EQ-5D Index and VAS scores are shown by age group in Figs. 1 and 2 , respectively. Figure 1 shows that EQ-5D Index scores decreased with age on both versions of the instrument. The decreases in score between each consecutive age group were statistically significant in all cases for both versions of the EQ-5D (P < 0.05). EQ-5D-3L Index scores were higher overall than those for the 5L version for all four age groups, though the difference was only statistically significant in the oldest age group (t = 2.95 with P < 0.05). The difference in mean Index score between the youngest and oldest age groups was also slightly greater using the 5L (0.16 for the 3L vs 0.18 for the 5L). The EQ-VAS showed a similar trend (Fig. 2) , with EQ-VAS scores decreasing by age. The decreases between age groups were statistically significant in all cases on the 3L (P < 0.05), but on the 5L the reduction in VAS scores was only statistically significant between the 35-54 and the 55-64 year age groups (P < 0.05). However this is likely to be due to sample size as the between group differences were at least as large on the 3L as on the 5L. The difference in VAS scores between the oldest and youngest groups was also larger with the 5L than the 3L, though the difference between the two versions was minimal.
EQ-5D Index and EQ-VAS scores are shown in Figs. 3 and 4 by level of education and sex, respectively. The two scores show a similar pattern to that seen for the EQ dimensions, with degree holders reporting better health than non-degree holders (P < 0.05 for EQ-5D-5L Index, EQ-5D-5L VAS, EQ-5D-3L Index and EQ-5D-3L VAS), and male respondents having higher scores (better health) than female respondents (difference only statistically significant for EQ-5D-3L Index, at P < 0.05). Again, the EQ-5D Index leads to slightly higher scores with the 3L version, though the difference in scores between categories (degree-no degree, male-female) was very similar on both Indices and VAS.
Discussion
The aim of this study was to compare the performance of the 3L and 5L versions of EQ-5D in representative samples of the English general public. We found that a) the ceiling effect was considerably reduced using the 5L version of EQ-5D, and that the reduction was particularly noticeable in older age groups; b) the EQ-5D-5L provided a richer description of health status, with just three EQ-5D-3L health states accounting for 75 % of the sample compared to 12 states using the 5L; c) higher proportions of respondents reported serious health problems using the 5L; d) both versions showed poorer health-related quality of life (HRQOL) in older respondents, females, and those in a lower educational category; e) the EQ-5D-5L descriptive system discriminated better across age groups than the 3L, though not by sex or educational level.
The reduction in ceiling effect using the 5L has been found in other studies which compared the 3L and 5L versions [25, 26] , but they were performed in patient groups. Only the Craig et al. study (2014) and this study have compared the two versions in general population samples. Our findings suggest that the 5L version provides a fuller and more detailed picture of population health status. Of note was the fact that the 5L showed more respondents suffering severe health problems, presumably because of the greater descriptive richness of the 5L. In the 3L, respondents must choose between 'some' problems and 'unable to whereas in the 5L they can choose between 'moderate', 'severe' or 'unable to'. Comparing our findings to Craig et al. (2014) , both studies found that the percentage of respondents reporting levels 4 and 5 in the 5L version of EQ-5D was higher than the percentage reporting level 3 in the 3L version. Based on these results, Craig et al. (2014) suggested that the 5L led to a greater frequency of health problems being reported (because of the lower ceiling effect), but that those health problems tended to be less severe, as the 'unable to' or 'extreme' category was used less frequently on the 5L, at least in the usual activities, pain/discomfort and anxiety/depression dimensions. Our findings were similar in this regard, but we would argue that, instead of showing fewer respondents with severe health problems, as suggested by Craig et al., the 5L actually reflects a greater percentage of respondents with severe health problems as we consider respondents checking either the 'severe' or 'unable to/extreme' options on the 5L to fall into that category. Van Hout et al. (2012) provides a cross tabulation for EQ-5D-3L and EQ-5D-5L responses by dimension. Their results suggest that in pain/discomfort dimension and anxiety/depression dimension majority of respondents who reported level 3 (extreme problems) in the EQ-5D-3L reported level 4 (severe problems) in the EQ-5D-5L. The same pattern was observed in Craig et al. (2014) . On the other hand, Craig et al. (2014) found a lower percentage of respondents with self-reported full health '11111' on the 3L (44 %) and 5L (35 %) than we did (56.2 % for the 3L and 47.6 % for the 3L). This is somewhat surprising given that the Craig et al. sample was somewhat younger and had a higher proportion of males, but it may be due to some extent to the different methods for data collection, i.e. the use of online data collection in Craig et al. (2014) compared to face-to-face interviews in both of the surveys used in the present analysis.
As expected, both versions of EQ-5D discriminated satisfactorily between groups defined according to their socio-demographic characteristics. Previous research has shown that older age groups, females, and those in lower educational categories report poorer HRQOL [27] [28] [29] and the current results confirm those findings. However, we were also interested in whether the two versions of EQ-5D were equally able to discriminate between groups according to their socio-demographic characteristics. In this case, we found that there were notable differences between the 3L and 5L when comparing between different age groups, with, for example, a difference of 35.6 % points between the oldest and the youngest age groups in the proportion of respondents reporting no problems with usual activities using the 5L compared to a difference of 20.6 % points using the 3L. A similar pattern, with the 5L suggesting a broader gap in health status between the youngest and oldest age groups than the 3L, was seen across most of the other dimensions, though to a lesser extent on anxiety/depression and not at all on pain/discomfort. There were no appreciable differences between the two versions in terms of their ability to discriminate between groups based on sex or educational level.
The differences between the 3L and 5L in outcomes on the descriptive system across age groups largely disappeared when applying the EQ-5D Index. The fact that we used the Van Hout et al. crosswalk value set to calculate Index values for the 5L may have contributed to this difference in performance between the 5L descriptive system and the Index, as Index values for the 5L are restricted to the range of values in the 3L value set [24] . We also found that 5L Index values were slightly lower than 3L Index values in all age groups, which is likely due to the fact that more respondents report health problems using the 5L.
Results on the EQ-VAS were also very similar between the two versions, which is to be expected given that only relatively minor modifications were made to the version in the 5L. The instructions were modified to make them easier to follow and 5 point numbering was used in the new version compared to 10 point numbering in the 3L. One notable feature of the VAS is digit preference, whereby responses cluster around tens and to a lesser extent fives [30] . This feature is observed on EQ-VAS in both the 5L and 3L versions of the instrument. The two most frequent self-reported EQ-VAS scores in this study were 90 and 80, respectively, in both versions of EQ-5D. The overall distribution of EQ-VAS scores was similar between EQ-5D-3L and EQ-5D-5L: 8 out of the 10 most frequently observed self-reported EQ-VAS scores in the 3L version are reported in the 5L version as well. Additional details of the prevalence of selfreported EQ-VAS scores on the EQ-5D-3L and EQ-5D-5L can be obtained upon request from the authors.
Limitations
One limitation of the current study is the difference in the size and characteristics of the samples used for the 5L and 3L data. The smaller sample size for the 5L data would have led to less statistical power for some of the analyses performed, for example when comparing rates of problem reporting in the different dimensions or when comparing Index and VAS scores across different socio-demographic categories. Likewise, the differences in socio-demographic and health characteristics may have contributed to some of the differences between EQ versions reported here. For example, the slightly higher proportion of females and those in the lower educational category in the 5L sample may have led to more reporting of problems in that group. As the differences between the samples were small (differences between the two samples for all categories are under 5 %) and we considered that they were unlikely to affect results to a great extent, we did not adjust for them in the statistical analysis. A more complex approach that adjusted the samples to be nationally representative would likely also introduce a greater level of uncertainty around any point estimates.
Second, as noted in the Methods section, there is a mismatch between the value sets we used (i.e. EQ-5D-3L value set for UK and the crosswalk value set for UK) and the profile data analysed. Both the 3L and 5L value sets were developed based on valuation studies in the UK, whilst the profile data was from population surveys in England in both cases. However, value sets for England alone were not available when this study was performed and we considered that the best available option was to use the UK value set. The difference should be borne in mind when interpreting these results. It would also have been preferable to use a 5L-specific value set for this analysis rather than values obtained using the crosswalk approach, however, the 5L value set for England was not available at the time this analysis was performed.
Finally, our categorization of educational level in the present analysis was somewhat crude and a more refined categorization might have provided additional information on the ability of both versions of EQ-5D to discriminate across categories on this variable. However, we felt that the categorization used was sufficient for this initial examination of the discriminatory power of the 3L and 5L versions of EQ-5D.
Conclusions
This study compared the performance of the 3L version of the EQ-5D to the newer, expanded five level version, in measuring the HRQOL of the general population in England. Overall, the 5L provided a richer description of health status in the population, and improved the instrument's measurement properties, by reducing the ceiling effect and improving discriminatory power, at least by age group. It is likely to be the more useful of the two versions for inclusion in health population surveys.
